Background: Several interventions have been shown to be of benefit to patients with stroke (hereafter referred to as stroke patients) in clinical trials, but the net effect of these interventions in the general stroke population has not been established. The purpose of this study was to evaluate temporal trends in the characteristics, treatments, and outcomes of acute stroke patients in the province of Ontario.
S
TROKE IS the leading cause of long-term disability in adults and the third most common cause of death in North America. 1, 2 The 1980s and 1990s have witnessed the development of several interventions that improve the shortand long-term outcomes of patients with stroke (hereafter referred to as stroke patients). Interventions that improve the outcomes in acute stroke include thrombolytic therapy for patients presenting with an ischemic stroke within 3 hours of stroke onset and aspirin administration within 24 hours of admission. 3, 4 Admission to a stroke unit has also been associated with better outcomes. 5 A number of therapies have been developed that reduce the risk for recurrent strokes. These include aspirin, ticlopidine hydrochloride, clopidogrel bisulfate, statins, and warfarin sodium (Coumadin). [6] [7] [8] [9] [10] In addition, carotid endarterectomy has been shown to be effective in preventing strokes in patients with high-grade carotid stenosis. 11 Although the efficacy of these interventions has been well established, fewer data establish their net effectiveness in the real world. It is not known to what extent these interventions have diffused into routine clinical practice, and whether they have had a net positive impact on the outcomes of stroke patients in the 1990s. For these reasons, we conducted a populationbased study using linked administrative databases in the province of Ontario to evaluate temporal trends in the characteristics, treatment, and outcomes of acute stroke patients from April 1, 1992 , to March 31, 1999 (fiscal years 1992-1998).
METHODS

DATA SOURCES
Three administrative databases were used to create the stroke cohort for this study. Acute stroke patients were identified from the Canadian Institute for Health Information (CIHI) hospital discharge database, which contains de- mographic, length of stay, comorbidity, in-hospital mortality, and discharge destination information on all patients admitted to Ontario hospitals. The most responsible and up to 15 secondary diagnoses are coded in the CIHI database according to the International Classification of Diseases, Ninth Revision (ICD-9) coding system. 12 The CIHI database also codes as many as 10 procedures according to the Canadian Classification of Procedures. 13 Prescription claims for aspirin, ticlopidine, warfarin, and statins in stroke survivors 65 years and older were obtained by linkage to the Ontario Drug Benefit database from April 1, 1992, to June 30, 1999. The Ontario Drug Benefit database contains all outpatient prescriptions filled in Ontario by persons 65 years and older for prescription medications from a minimally restrictive formulary. Mortality status of the patients at 30 days and 1 year was obtained from the Registered Persons Database.
ORIGINAL INVESTIGATION
INCLUSION AND EXCLUSION CRITERIA
All patients discharged from acute care hospitals in Ontario from years 1992 through 1998 (inclusive) with a most responsible diagnosis (the diagnosis that accounts for most of the hospital stay) of acute stroke (ICD-9 code 431, intracerebral hemorrhage; ICD-9 code 434, occlusion of cerebral arteries; or ICD-9 code 436, acute but ill-defined cerebrovascular disease) were included in this study. Ischemic strokes were identified using ICD-9 codes 434 and 436, whereas hemorrhagic strokes were identified using ICD-9 code 431. Previous validation studies have shown a high accuracy rate of coding for stroke in the CIHI database (Ͼ90%) when these ICD-9 codes are compared with the opinions of a neurologist.
14 A fiscal year was defined as April 1 of that calendar year to March 31 of the subsequent year. We excluded from the study patients who were younger than 20 years or older than 105 years, those who were non-Ontario residents or were transferred from another institution, and those whose strokes occurred as an in-hospital complication. We also excluded those who had a previous admission within the past year due to an acute stroke, so that our cohort consisted of patients with new strokes only.
COMORBIDITIES
The frequency of various stroke risk factors and other comorbid diseases was determined with use of the appropriate ICD-9 codes in the 15 secondary diagnosis fields of the CIHI database. The stroke risk factors and comorbidities included ischemic heart disease, congestive heart failure, atrial fibrillation, peripheral vascular disease, chronic pulmonary disease, peptic ulcer disease, liver disease, malignancy, renal disease, hypertensive disease, and diabetes mellitus. The Charlson Comorbidity Index score as adapted by Deyo et al 15 was used to quantify overall comorbid disease status.
PROCESS OF CARE AND OUTCOME MEASURES
We estimated in-hospital, 30-day, and 1-year rates of carotid endarterectomy and the percentage of elderly stroke survivors receiving aspirin, ticlopidine, warfarin, and statins within 90 days of discharge. The outcomes evaluated included inhospital, 30-day, and 1-year mortality, 1-year recurrent stroke readmission rates, length of stay, and discharge destination.
STATISTICAL ANALYSIS
We calculated the crude rates of carotid endarterectomy use, readmission, discharge destination, drug prescription, and mortality for each acute stroke cohort annually. We obtained the annual risk-adjusted mortality rates by multiplying the overall mortality rate by the ratio of the observed annual mortality rate to the expected mortality rate. Logistic regression models were developed to calculate the expected mortality rates, with age, sex, and the presence of comorbid diseases (eg, ischemic heart disease, atrial fibrillation, hypertension, acute myocardial infarction, congestive heart failure, peripheral vascular disease, chronic obstructive pulmonary disease, diabetes, renal disease, and cancer) included in the model. We assessed changes in demographic characteristics using the Mantel-Haenszel 2 test for trend and changes in the processes and outcomes of care during the study period using the linear regression of means. All statistical analyses and data linkage were conducted by use of the statistical program SAS release 8.0. 16 
RESULTS
PATIENT DEMOGRAPHICS AND COMORBID DISEASE
During fiscal years 1992 to 1998, 107289 patients were admitted to Ontario acute care hospitals with a most responsible diagnosis of acute stroke. Excluded from the study were 364 patients who were younger than 20 years or older than 105 years, 80 patients who were non-Ontario residents, 5637 patients who were transferred from another acute care hospital, 2594 patients whose acute strokes were coded as a hospital complication, and 7195 patients who had a previous stroke admission within the past year. The final cohort contained 91419 patients. Table 1 shows the changes in the demographic characteristics of the acute stroke population from 1992 to 1998. Overall, the mean age of the acute stroke patients was 73.9 years (SD, 11.9 years). The percentage of the study population who were 75 years or older increased from 52.5% to 54.9% (PϽ.001), whereas the sex distribution among the study population remained the same (P =.39). The most common comorbid conditions were hypertension, diabetes, ischemic heart disease, and atrial fibrillation. We found a gradual increase in the preadmission level of chronic illness, as reflected by the rising percentages of patients with hypertension, atrial fibrillation, diabetes, and a Deyo-Charlson Comorbidity Index score of 2 or higher (PϽ.001). Table 2 demonstrates the changes in processes of care during the study period. The percentage of patients receiving carotid endarterectomy procedures after a stroke did not change during the 7-year time frame (P=.84, .69, and .69 for the in-hospital, 30-day, and 1-year periods, respectively) and was very low. Among patients who were 65 years or older and who were discharged home, the percentage who received statin and warfarin prescriptions within 90 days of hospital discharge increased from 1992 to 1998 (2.7% to 15 
INPATIENT CARE MEASURES
OUTCOME MEASURES
We found several significant outcome changes from 1992 to 1998 (Table 3) . There was a steady decline in the mean hospital stay from 1992 to 1998. The median length of the hospital stay declined from 11 days in 1992 to 8 days in 1998 (PϽ.001). The percentage of patients who survived their index admissions but were transferred to a rehabilitation facility increased from 11.1% to 17.5% (PϽ.001), and the percentage of patients who were discharged to a home-care program also increased over time (P = .007). The percentage of patients who were discharged home decreased from 49.3% to 41.2% (PϽ.001). During the same period, the risk-adjusted in-hospital mortality rate dropped from 21.9% to 18.9% (PϽ.001), but the risk-adjusted 30-day mortality rate was relatively constant (19.7% vs 19.0% [P=.18]). The risk-adjusted mortality rate within 1 year of admission also dropped from 34.1% to 32.0% (PϽ.001). Finally, the readmission rate for a second acute stroke within 1 year of the index admission declined from 12.1% to 9.9% (P = .001).
COMMENT
This study provided an opportunity to evaluate changes in the characteristics, treatment, and outcomes of acute stroke patients in Ontario during the 1990s. Our study demonstrated a number of important findings. First, the proportion of elderly patients with stroke is increasing, with an associated increase in the prevalence of coexisting comorbidities. Positive increases were found in the rates of prescription of various secondary prevention medications, with an increased proportion of elderly patients receiving prescriptions for statins and warfarin. Although the length of stay and in-hospital mortality rate declined, the 30-day mortality rate for acute stroke patients stayed relatively constant, with a moderate decline in 1-year poststroke mortality and stroke readmissions. The proportion of stroke patients transferred to rehabilitation facilities increased, whereas the proportion sent directly home decreased. These results suggest that although improvements have occurred, significant opportunities for further improving the outcomes of stroke patients in Ontario remain.
The results of our study demonstrated an increase in the average age of stroke patients in Ontario. This may in part reflect the aging of the Canadian population or the effectiveness of the primary prevention strategies (eg, blood pressure control) in younger groups. We observed considerable changes in the available measures of process of care in our study. The increased use of ticlopidine and warfarin over time, relative to aspirin, may reflect the occurence of more primary failures of aspirin therapy or intolerance to aspirin and the effectiveness of warfarin therapy in preventing strokes in patients with atrial fibrillation. 8 Clopidogrel was not available in Ontario until 1998, and prescription required that special limited-use forms first be completed. The increased use of statins largely predated the publication of metaanalyses, suggesting benefits of statins in stroke prevention, and may reflect their increased use in the coronary heart disease population. The declining 1-year mortality rates and stroke readmission rates may reflect increases in the use of secondary prevention medications. Nevertheless, the data show that a significant minority of Ontario stroke patients was still discharged without any of these medications, and the rates of carotid endarterectomy in the study population were extremely low.
The absence of a significant decline in 30-day mortality rates was perhaps the most unexpected finding from this study. However, this finding may not be entirely unexpected, since important advances in acute stroke management, such as the use of thrombolytics, offer benefits primarily in terms of functional status rather than mortality, 3 and solid evidence of the role of aspirin in acute stroke was not published until 1997. 4 Although recent trials and meta-analyses have suggested an important role for acute stroke units in stroke management, a survey of Ontario hospitals showed that only 4% of Ontario hospitals had a stroke unit in 1998. 17 The decline in length of stay is encouraging and likely reflects the financial and budgetary pressures on Ontario hospitals to transfer patients out of the acute care sector and greater efficiency on the part of health care providers. However, this finding was associated in part with a greater proportion of transfers to rehabilitation facilities, which may result in less cost savings to the health care system as a whole.
Our study has certain limitations. First, we did not have any data on trends for in-hospital medication use that may have occurred during the 1990s. Second, we were limited in our ability to characterize the severity of strokes using these administrative databases. Third, we did not have information on secondary prevention rates in nonelderly stroke patients in Ontario, although they represent only one fifth of our cohort. Despite these limitations, we believe our data are relatively unique and are unaware of similar studies published in other jurisdictions during our study period.
CONCLUSIONS
Little change has occurred in the 30-day mortality rate of acute stroke patients in Ontario during most of the 1990s, but the 1-year mortality rate has declined modestly. This improvement may reflect increasing use of effective secondary prevention interventions in stroke patients in Ontario. The continuing high mortality rates for these stroke patients suggest that although important advances in stroke management have occurred during the past 2 decades, their impact at a population-based level has been modest. Further intensive efforts will be required to improve the outcomes of stroke patients.
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